The glycoconjugates in the cytoplasm of inner ear interdental cells and those constituting the limbal tectorial membrane were identified by a post-embedding cytochemical method using low-temperature embedding in hwiayl K4M and labeling with biotinylated lectins, goat anti-biotin antibody, rabbit anti-goat antibody, and gold-labeled protein A in control animals, and after the systemic injection of pilocarpine. The lectins used were ConA, PHA-E, PSA, RCA, SBA, Sua-WGA, UEA, and WGA. In control animals, a semiquantitive analysis of gold particles showed that Succ-WGA produced the strongest labeling on the tectorial membrane, followed by SBA, ConA, WGA, RCA, PHA-E, and PSA. The lowest values were obtained with UEA. The cytoplasm of the interdental cells was also labeled with all the lectins, but the number of particles/pn' was lower than
Introduction
The organ of Corti (OC) is a neuroepithelial sheet located in the inner ear that in mammals constitutes the auditory receptor. The OC is formed by several types of supporting cells and by two populations of sensory cells, the inner and outer hair cells ( Figure IA) . The hair cells are characterized by the presence of a bundle of stereocilia that arises from the cell apical surface and whose free tips are in contact with an extracellular, gel-like matrix known as the tectorial membrane (TM) ( Figure 1A) . The incoming sound waves produce a vertical displacement of the basilar membrane that indirectly supports the sensory cells; this results in shearing of the stereocilia against the TM and consequently in their lateral deflection. It is well known that bending of the stereociliary bundle elicits Supported by DGICYT PB89-0485, DGICYT PB/0523/C02/00. and Presented in part at the 14th Midwinter Research Meeting of the ARO, February 3-7, 1991, St. Petersburg Beach, Florida. Correspondence ta Maria E. Rubio on the tectorial membrane. The concentration of gold partides on the limbal tectodal membrane in pilocarpine-treated animals was higher than in control animals for some leains @CA, PSA, UEA) but lower for others (WGA, SBA, PHA-E, Sua-WGA). The changes in the labeling pattern of the cytoplasm of the interdental cells paralleled those in the tectorial membrane. These results demonstrate that the saccharide composition of the limbal tectorial membrane can be modified by systemic injection of pilocarpine. This action may take place through a change in either the secretion rate or the amount of some glycoconjugates by the interdental cells. (JHistochem Cytochem 42405416, 19.94) the influx of potassium ions into the hair cell, thus initiating the mechanoelectrical transduction process that transforms the mechanical energy of sound into nerve impulses (for review see Hudspeth, 1985) . Apart from this mechanical role, there is evidence that the TM is not electrically transparent, and that it may act as an ion reservoir (Runhaar and Manley, 1987; Santi and Anderson, 1986; Steel, 1983) . It has been proposed that this ability to bind some of the ions in the endolymph may be due to the nature of some of the TM constituents, especially the saccharide residues (Prieto et al., 1991b; Santi and Anderson, 1986) .
The TM consists of a main body, which extends over the sensory and supporting cells of the OC, and a limbal portion, which is by far the most extensive attachment that this structure has in the adult animal ( Figure 1A) (the TM is also attached in adults to the tiny tips of the outer hair cells' stereocilia). This limbal portion receives its name because it lies over a structure known as the limbus spiralis, a ridge of connective tissue whose apical surface is covered by horizontal expansions of a group of specialized epithelial cells known as interdental cells (IDCs) ( Figure 1B ). In addition, other substructures can be identified in the TM, including the marginal band in its outer ridge, the cover net on its upper surface, and the Hensen's stripe on the undersurface of the TM. Ultrastructural studies have revealed two major types of fibrils (Type A and Type B) in the mammalian TM. These are present in different proportions in each of the portions of the TM cited above (Hasko and Richardson, 1988; Kronester-Frei, 1978) . Several biochemical studies have shown that the TM contains collagen Types 11, V, and M (Slepecky and Ym, 1990; Ym and Tomoda, 1988; Thalman et al., 1987) and a number of different glycoconjugates (Khalkhali-Ellis et al., 1987) .
Much of what is known about the glycoconjugates that constitute the TM has come from the use of lectins as cytochemical probes in the OC. Thus, it has been shown: (a) the terminal saccharide composition of the different parts of the TM, both in light (Rueda and Lim, 1988; Gil-Loyzaga et al., 1985 Sugiyama et al., 1991; Lim and Rueda, 1990bJ992; Prieto et al., 1990b) and electron microscopy (Sugiyama et al., 1992; Khan et al., 1991; Rubio et al., 1991; Lim and Rueda, 1990a; Xchibana et al., 1987a,b) ; (b) the developmental changes that the glycosidic constituents undergo in the first postnatal weeks (Rueda and Lim, in press; Lim and Rueda, 1990b; Prieto et al., 1990b; Rueda and Lim, 1988) ; and (c) the way in which experimentally induced hypothyroidism may alter the secretory processes involved in achievement of the normal composition of the adult TM Gil-Loyzaga et al., 1990; Prieto et al., 1990b) .
In a previous study (Prieto et al., 1991a) , we have shown ultrastructurally that some morphological features of the IDCs may be altered by the systemic administration of the cholinomimetic drug pilocarpine. After this treatment, the IDCs showed signs of increased secretory activity compared with control animals, including more and larger exocytotic vacuoles and more membrane-bound secretory vesicles, both in the cytoplasm and inside the overlying TM. Furthermore, the limbal portion of the TM appeared decorated with large, round extracellular conglomerates similar to the TM amorphous matrix, conglomerates which seemed to be expelled by the ID&. These results suggested that IDCs may have acetylcholine-sensitive secretory functions and that the TM is in a continuous state of maintenance and turnover in the adult animal. However, it is not known if the effect of pilocarpine on the IDCs is limited to a quantitative increase of their secretory activity or if the nature of the secretion products may also be altered.
The main goal of this study was to ascertain the effects of systemic administration of pilocarpine on the glycosidic composition of the TM. For this purpose we used a new four-step labeling method involving several biotinylated lectins as cytochemical probes, a first antibody against biotin, a secondary antibody and, finally, protein A-gold complex for demonstration of the binding sites by electron microscopy. A preliminary report shows that this method yields a higher signal at the EM level than one-step and two-step methods (Lim and Rueda, 1990a) . To better assess the changes in the saccharide composition of the TM induced by pilocarpine, a semiquantitative analysis of the density of gold particles was performed on this structure and on the IDCs, thus obtaining numerical values that were used to compare the degree oflabeling among the different lectin, and between the control and the experimental groups.
Materials and Methods
General procedurrs. Ten healthy adult guinea pigs, weighing 200-300 g and free of middle ear infection, were used in this study. Experimental animals received a single sc injection of pilocarpine HCI (0.004 g/kg body weight) in 0.5 ml of saline (Sigma; St Louis, MO); control animals were injected with a similar volume of saline. Three hr after treatment the animals were anesthetized with chloral hydrate (0.3 glkg body weight) and decapitated. The bulla ossea was opened and holes were made at the apical and basal portions of the cochlear bony wall. The cochlea was fixed by perfusion through the holes with a solution containing 1.25% glutaraldehyde and 4% paraformaldehyde in 0.1 M cacodylate bu&r, pH 7.4, at 4'C; the fixation always began within 4 min from the death of the animal. The perfusion proceeded for 2 min, and the cochlea was dissected out and immersed in the same fixative for 2 hr at 4'C. After fixation, the cochlea was transferred to 0.1 M cacodylate buffer, pH 7.4, for 30 min at 4'C. During this step the rest of the bony wall was completely removed and the OC carefully minced into 1-3-mm pieces. Since several morphological features of both sensory and supporting cells gradually change from the base to the apex of the cochlea, all the pieces of the OC used in this study were chosen from the coil situated between 2.5 and 3.5 turns of the cochlea.
The specimens were dehydrated in graded alcohols at low temperatures: 4% for 30% ethanol, -20°C for 50% ethanol, and -35'C for the other ethanol dilutions (70%. 80%, and 96%), to absolute ethanol. After dehydration, the specimens were embedded in Lowicryl K4M (Chemische Werke h i ; Waldkraiburg, Germany) at -35'C and polymerized under w light for 48 hr, plus three additional days at room temperature (RT).
Silver to gold (70-nm) ultra-thin sections were cut in a Reichert Ultracut ultramicrotome and collected on nickel grids, on which the lectin labeling was immediately performed. Lectin Labeling. Drops ofthe different solutions used in the methods described below were placed on strips of Parafilm covering petri dishes, which contained wet cotton to maintain a humid atmosphere. The nickel grids with the sections were then placed on the drops during the different incubation steps. All the steps ofthe following procedures were carried out at RT.
The labeling process began with incubation of the sections in a solution of biotinylated lectin (Vector Labs; Burlingame, CA) for 25 min. The lectins were dissolved in 0.05 M Es-buffered saline (TBS) to which 1 mM CaCl2 and 1 mM MgC12 were added, since many lectins require metal ions to maintain active binding sites. The lectins used in this study, with their sugar specificities and optimal concentrations, are shown in Table 1 .
The second step was incubation of the sections in goat anti-biotin antibody 4 pglml in 0.05 M TBS (Vector Labs) for 25 min. The grids were then transferred to rabbit anti-goat antiserum 4.5 pglml in 0.05 M TBS (Vector Labs) for 25 min. Before and after each incubation step the sections were washed three times in 0.05 M TBS.
Finally, the sections were incubated for 30 min in protein A-gold complex (15-nm) 1:50 in 0.05 M TBS with 1% bovine serum albumin Uanssen;
Piscataway, NJ). After three washes in distilled water (2 min each), the sections were counterstained with uranyl acetate and lead citrate, air-dried, and examined in a Zciss EM-1OC transmission electron microscope operating at 60-80 kV. Controls for the specificity ofthe probes used here were done either by omitting the biotinylated lectin or by incubating the sections in a lectin solution to which its specific inhibitory sugar had been added at the concentrations shown in a b l e 1.
Quantitatk Analysis. To assess the effects of administration of pilocarpine on the glycidic composition of the TM, a semiquantitative analysis ofthe density of gold particles in both the IDG and the TM was performed. We used 168 electron micrographs (84 from each group of animals, control and experimental) of the limbal portion of the TM and the underlying IDG. All the electron micrographs were taken at a magnification of x 16,000
and printed to a fmal magnification of x 23,000. Frames were shot randomly along the limbus spiralis, not differentiating between its inner and outer portions. The limbal region of the TM was chosen because both the TM and the IDCs could be photographed within the same field of view.
The measurements were made on a digitizing tablet (Summasketch I1 Professional) connected to a computer. A software interactive morphometry package (Sigmascan; Jandle Scientific, San Rafael, CA, version 3.90) was used to measure the area of the digitized regions ofthe IDCS and TM; then the program calculated the density of gold particles and performed statistical analysis of the data.
Four different structures (limbal part of the TM, IDG, connective matrix, and endolymphatic space) were traced with the digitizing tablet reproducing each photograph. The drawings were then completed by plotting the gold particles found over the aforementioned structures although for the sake of clarity, in Figures 2-5, only the gold particles found over the TM and IDG are shown. Thus, 672 areas were measured and a mean of 873 gold particles was counted for each lectin. Student's t-test was used to determine whether the differences between control and experimental animals were statistically significant.
Results

General Aspects
Subcutaneous injection of pilocarpine HCI produced various physiological changes in the experimental animals suggestive of strong parasympathetic stimulation, such as excitability and profuse lacrimal and salivary secretion. A notable effect of this treatment on the inner ear was that the endolymph slowly flowed out through the holes in the bony cochlea as delicate streams, apparently thicker than the fixative in which the cochlea was immersed during the dissection. In control animals, however, the endolymph viscosity was similar to the fixative's.
Lectin Labeling
The cytochemical techniques performed in this study produced specific labeling of several structures in the cochlear limbus spiralis (Figures 2-5) . Gold particles were found on the limbal portion of the TM, in the cytoplasm of the IDCs, and in the extracellular matrix of the connective tissue. The number of gold particles over areas of the connective matrix was always much lower than in the cytoplasm of the IDCs and especially in the TM. Background labeling, determined by number of gold particles per surface area unit in the endolymphatic space, was negligible. Control sections showed no gold labeling. . . (Figures 2A and   28 Labeling is lighter than that obtained with PHA-E (Figures 2 and 3) . Normal Animals. All the lectins labeled the TM, the cytoplasm of the IDCs, and the connective matrix (Figures 2-5) . However, the affinity of the lectins for each region was different. The TM was the most heavily labeled structure for all lectins. The fact that all lectins, each with a particular saccharide affinity (Figures 2 , 4 , and 6A), labeled the TM confiied the heterogeneous glycidic composition of the TM. Semiquantitative analysis performed on the sections showed that the lectin that labeled the TM more densely was Succ-WGA (126 gold particles/w2), followed by SBA, ConA, and WGA (76-126 particles/m2). The density of gold particles obtained with RCA, PHA-E, and PSA was 43-68 particles/p2. The lowest density was obtained with UEA, with a value of only 15 gold particleslpZ ('lgble 2). The cytoplasm of the IDCs was also labeled with all the lectins tested. As in the case ofthe TM, the degree of labeling varied among the different lectins (Figures 2 and 4) . For every lectin, the density of gold particles on the IDCs was consistently lower than that in the TM. The relative affinities of the different lectins for the IDCs approximately paralleled those found in the TM except in the case of SBA, which labeled the TM more densely than the IDCs ('lgble 2).
Pilocarpine-treated Animals. As in control animals, the TM showed the densest labeling of all the structures constituting the limbus spiralis, but the pattem of lectin labeling on the TM and the cytoplasm of the IDCs of the experimental animals was notably different from that of the control group (Figures 3,5, and 6B) .
In fact, the density of gold particles on the TM of pilocarpineinjected animals was higher than in control animals for some lectins, but lower for others ( Figure 6A ). Therefore, whereas the degree of labeling with WGA, SBA, ConA, PHA-E, and Succ-WGA was decreased compared with the control group, the labeling with RCA, PSA, and UEA was more prominent (Bble 2).
The changes in the pattem of lectin labeling of the ID& paralleled to some extent those found in the TM, and the cytoplasm of the IDCs in the experimental animals therefore showed a lower density of gold particles with WGA, SBA, PHA-E, and Succ-WGA and an increase of labeling with RCA, PSA, and UEA. The labeling produced by the remainder of the lectins was not noticeably changed by the treatment (Figure 6A; Zble 2) .
In summary, our results showed that pilocarpine affected differently the glycoconjugates studied, increasing the density of the saccharide residues labeled by UEA (L-fucose) in the TM and reducing the labeling of Succ-WGA (N-acetylglucosamine), ConA (a-D-mannose), and PHA-E (oligosaccharides) in the TM, and WGA (sialic acid and N-acetylglucosamine) and PHA-E (oligosaccharides) in the IDCs. Semiquantitative analysis showed that the differences observed between the TM of the control and the expebental groups were statistically significant for UEA, ConA, PHA-E and Succ-WGA (p<0.05) ( Figure 6A ). Differences in labeling of the IDC cytoplasm observed after treatment with pilocarpine were statistically significant only for the lectins WGA and PHA-E w 0 . 0 5 ) (Figure 6B) .
When the densities of gold particles obtained with all the lectins were grouped for each of the structures studied, TM and IDCs (Figure 7; 'lgble 3) , it appeared that the overall content of glycosidic components of the TM was significantly reduced after systemic injection of pilocarpine w0.05). Although a similar decrease was also evident in the IDCs, the difference was not statistically significant. 
T T H CONTROL
PILOCARPINE
Discussion
Methodological Considerations
The use of Lowicryl K4M as embedding medium yielded satisfactory preservation of the specimens for study by EM. Therefore, the ultrastructural features of the TM and IDG were readily identifiable and were comparable to those obtained with an epoxy-based embedding medium (Prieto et al., 1990aJ991a) . The combination of the four-step lectin-labeling method with Lowicryl K4M as embedding medium allowed demonstration of the heterogeneous glycosidic composition of the limbal portion of the TM. Lowicryl K4M is a hydrophilic resin that has been used for embedding different tissues (Ueno and Lim, 1991; Roth, 1983; Roth and Berger, 1982; Roth et al., 1981) . including the OC (Rubio et al. 1991; Sugiyama et al., 1991; Lim and Rueda, 1990a; &hibana et al., 1987a,b) . In these reports, Lowicryl K4M provided adequate tissue preservation and, when combined with lectin-gold cytochemistry, allowed precise localization of intracellular and extracellular glycoconjugates at the ultrastructural level. In contrast to epoxy resins, Lowicryl K4M produces low background and low nonspecific labeling (Roth, 1983) , and does not require etching steps that may result in a loss of tissue glycoconjugates (Suzuki et al., 1991; Yamamoto, 1982) .
The lectin-labeling technique used for the present work was based on an indirect method that consisted of biotin-labeled lectin, two antibody steps, and incubation with protein A-gold com plex as an electron-dense marker (see Materials and Methods). This technique proved to be more sensitive than direct or two-step lect i n methods. The immunocytochemical method used here has been previously used by Lim and Rueda (1990a) in the OC, with results similar to those presented here.
In addition, the semiquantitative analysis of the gold particles on the sections proved very useful to reveal differences in the densities of different saccharide residues in the TM and IDCs after administration of pilocarpine.
Saccharide Content of the TM and IDCs
Our results show that the TM and the cytoplasm of the IDCs contain several types of saccharide moieties, i.e., galactose, fucose, man-nose, N-acetylglucosamine, N-acetylgalactosamine, and sialic acid. All these saccharide residues are present in the two structures and, furthermore, the relative proportions in which they are found are very similar in both of them. The fact that the composition of saccharides in the IDG and TM is comparable indirectly supports the role of these cells in the secretion of the TM.
The tectorial membrane was first demonstrated to be positive to the reaction of Schiff's periodic acid for neutral carbohydrates by Wislocki and Ladman (1955) . Since then, many histochemical (Lim and Rueda, 1990b; Prieto et al., 1990b; Hasko and Richardson, 1988; Kronester-Frei, 1978; Ross, 1973 Ross, ,1974 Igarashi et al., 1969; Iurato, 1960) and biochemical studies (Suzuki et al. 1992; Richardson et al., 1987; Naftalin et al., 1964; Iurato, 1960; Bairati et al., 1957) have tried to elucidate the glycosidic composition of the TM. The recent introduction of lectins as cytochemical probes to detect glycoconjugates in light microscopy has extended our knowledge of the carbohydrate composition of the TM Lim, 1988,1993; Lim and Rueda, 1992; Gil-Loyzaga et al., 1985 Prieto et al., 1990b) . However, these lectin studies used a qualitative approach to the problem, and hence the relative proportion of the different saccharide residues and the way this proportion changed either through development or under experimental conditions could not be addressed. Sugiyama et al. (1992) , using a technique similar to ours, made a semiquantitative study of the TM carbohydrates in the gerbil. They used six lectins (DSA, LCA, LFA, PHA-L, RCA, and UEA), and showed that different regions of the TM contained several types of saccharide residues in different proportions, depending on the region considered. Our present data agree with those obtained by Sugiyama et al. (1992) in that all the lecuns used in our experiments labeled the limbal zone of the TM, thus confirming its heterogeneous saccharide composition. However, our results differ somewhat from those obtained by Sugiyama et al. (1992) , since they reported that the limbal zone of the TM wils more intensely labeled with RCA-I, with lower values for LFA, DSA, LCA, and PHA-L, whereas in the TM of our untreated animals Succ-WGA produced the highest density of gold particles, followed by SBA, ConA, WGA, RCA, PHA-E, PSA, and UEA. Differences in the species used in their study and ours, and/or the cytochemical method applied, may account for these discrepancies. Indeed, the pattern of lectin labeling of the TM is different in rat (Prieto et al., 1990b; Gil-Loyzaga et al., 1986) and mouse (Rueda and Lim, 1988) at the LM level.
Efect of Pilocarpine on the Glycosidic Composition of the TM
The present results demonstrate that the glycosidic composition of the TM of the adult guinea pig can be altered by systemic injection of the cholinomimetic agent pilocarpine.
The actions of pilocarpine in the inner ear were first studied by Voldrich (1967) , who observed that sc injection resulted in an increase of both the diameter of the nucleus and the caliber of the neck of the large exocytotic vacuoles characteristic of the IDC. On the basis of these LM findings, Voldrich proposed that pilocarpine would increase the secretory activity of the IDCs. More recently, we studied the effects of pilocarpine on the IDCs TM system at the EM level (Prieto et al., 1991a) and observed that pilocarpine produced morphological changes in the IDCs and TM suggestive of increased cellular secretory activity, such as a larger number of membrane-bound vesicles inside the IDC cytoplasm and the TM and an increase in the number of large exocytotic vacuoles. The most noteworthy finding of that study was that the large apical vacuoles appeared filled with an amorphous material similar to that of the TM, which was expelled as distinctly round, very large aggregates that were found over the limbal protein of the TM, in contact with it. These data, together with knowledge of the actions of pilocarpine on other secretory organs (see references in Bebbington and Brimblecombe, 1965) , suggested that pilocarpine might stimulate the secretory activity of the IDCs. The presence of large round aggregates on the apical surface of the TM could be interpreted as the result of a dramatic increase in secretion rate caused by pilocarpine: the secretion products would be synthetized too rapidly to be gradually incorporated into the TM and would therefore be expelled through it. The methods used in that study enabled us to infer that systemic administration of pilocarpine produced a quantitative change in the secretion of some products of the TM. The question remained, however, whether the secreted material contained the same amount and proportions of saccharide residues that the TM had in normal animals, or if those parameters had been changed in some way.
The results of the present study show that pilocarpine induces a change in the saccharide constituents of the TM. In this sense, the effects of pilocarpine on the glycoconjugates of the TM are diverse, since the labeling obtained with some lectins is increased, and the labeling with other lectins is decreased after pilocarpine treatment. Therefore, the relative proportions of the saccharide residues are markedly different between the control and the experimental animals. The possibility remains that the amount of secretion of some constituents of the TM other than glycoconjugates (e.g., collagen) may be actually increased by pilocarpine.
Role of the IDCs in the Turnover of the TM
The TM first appears in late gestation as a thin extracellular layer located over a group of transitory cells known as the organ of Kolliker. The TM then grows in thickness during the following days until the underlying secretory cells degenerate and the TM becomes detached, except for its innermost portion, in contact with the limbus spiralis. Since the TM does not change in shape or size from this moment on, the matter of its turnover in adult animals is a subject of controversy. Autoradiographic studies using 35S as a probe to detect glycoprotein secretion have shown that the tracer is incorporated into the TM of adult animals after being injected systemically, which supports the idea that there is a turnover of some of the constituents of the TM (Kuijpers and Manni, 1986; Manni and Kuijpers, 1987) .
As pointed out above, the TM establishes extensive contacts with only one cell type in adult animals, the IDCs of the limbus spiralis. These cells have cytological features consistent with active secretory activity, such as a prominent Golgi apparatus, abundant cisterns of endoplasmic reticulum, large exocytotic vacuoles, and membranebound extracellular vesicles in close proximity to the apical region of the IDCs (Prieto et al. 1990a,b; Lim, 1970; Voldrich, 1967; Iurato, 1960) . Therefore, it has often been proposed that in the adult animal these cells could maintain continuous secretory activity and would thus be responsible for a turnover of the TM that would explain the results of the aforementioned studies using 35S (Kuijpers and Manni, 1986) .
One of the most interesting findings of the present study is that the changes in the labeling of the IDCs obtained with the different lectins paralleled those observed in the TM, mainly in the control animals. This latter fact indirectly supports the hypothesis of a constant turnover of some constituents of the TM, for which the IDCs may be responsible.
Mechanism of Action of Pilocarpine
Pilocarpine acts on muscarinic receptors (Nathanson, 1987; Taylor, 1985) , eliciting several intracellular events such as an increase in the levels of cGMP and intracellular Ca++ and activation of the turnover of phosphatidylinositol (Nathanson, 1987; Tiylor, 1985) . These compounds behave as second messengers and may trigger a variety of metabolic responses.
It is well known that pilocarpine is an agonist at muscarinic acetylcholine receptors in neurons, cardiac and smooth muscle, and several exocrine glands (see references in Bebbington and Brimblecombe, 1965) . Consequently, the systemic effects of pilocarpine include a reduction in the rate and force of contraction of the heart, reduction of the caliber of the airways, increase in the motility and secretions of the gastrointestinal tract, and enhancement of the secretion of some exocrine glands, such as salivary and sweat glands.
The present results raise the possibility that the IDCs could be similar to exocrine glands, and if the former also had muscarinic receptors their stimulation by pilocarpine may explain the morphological and cytochemical changes described in previous works (Prieto et al., 1991a) and in the present report. Therefore, under physiological conditions acetylcholine might modulate the turnover of the TM in the normal adult animal. Since nerve endings have never been observed in contact with the IDCs, acetylcholine could reach the IDC by diffusion either from cholinergic fibers innervating the blood vessels, as happens in other systems (Kawashima et al., 1989 (Kawashima et al., ,1990 Arneric et al., 1988; Parnavelas et al., 1985; Hamel et al., 1987) , or directly from the acetylcholine pool present in the blood plasma (Rinner and Schauenstein, 1993; Kawashima et al., 1989) . However, for this hypothesis to be valid, the existence of muscarinic receptors on the membrane of the IDCs must be demonstrated. However, indirect mode of action is as likely as a direct mode of action for pilocarpine stimulation of the IDCs: the data of the present study and the morphological studies are also compatible with an indirect mode of action for pilocarpine (e.g., pilocarpine may stimulate another cell in the inner ear to release a cytokine or other substance that affects the IDCs).
